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(54) Lane-keep control system for vehicle 

(57) A lane-keep control system for a host-vehicle 
is arranged to detect a traveling condition of the host- 
vehicle, to detect a tendency of a lane deviation of the 
host-vehicle on the basis of the traveling condition, to 
calculate a driving/braking force controlled variable of 
each wheel according to the traveling condition so as to 
generate a yawing moment directed toward a direction 
of preventing the lane deviation when the tendency of 
the lane deviation is detected, to control a driving/brak- 
ing force according to the driving/braking force control- 
led variable, to detect a steering state quantity indicative 
of a quantity of state of a steering wheel, and to correct 
the driving/braking force controlled variable on the basis 
of the steering state quantity. 
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Description 

[0001] The present invention relates to a lane-keep 
control system which controls a vehicle so as to travel 
within a target lane. 

[0002] Japanese Patent Provisional Publication No. 
2001-310719 discloses a lane-keep control system 
which is arranged to prevent a host-vehicle from devi- 
ating from a traveling lane by controlling a driving/brak- 
ing force when there is a deviation tendency of the host- 
vehicle from the traveling lane. 

[0003] However, this system is required to ensure a 
further smooth operation fitted with a driver's feeling 
even if a direction of a yawing moment due to steering 
operation is the same as that of a yawing moment due 
to the driving/braking force control. 
[0004] It would therefore be desirable to be able to 
provide an improved lane-keep control system which 
prevents a host-vehicle from deviating from a traveling 
lane by controlling a driving/braking force so as not to 
apply a strange feeling to a driver even if a direction of 
a yawing moment due to steering operation is the same 
as that of a yawing moment due to a driving/braking 
force control for a lane-keep control. 
[0005] An aspect of the present invention resides in a 
lane-keep control system which is for a host-vehicle and 
comprises a control unit. The control unit is configured 
to detect a traveling condition of the host-vehicle, to de- 
termine that there is a tendency of a lane deviation that 
the host-vehicle is deviating from a traveling lane, on 
the basis of the traveling condition, to calculate a driving/ 
braking force controlled variable of each wheel accord- 
ing to the traveling condition so as to generate a yawing 
moment directed toward a direction of preventing the 
lane deviation when there is the tendency of the lane 
deviation, to detect a steering state quantity indicative 
of a quantity of state of a steering wheel, to correct the 
driving/braking force controlled variable on the basis of 
the steering state quantity, and to control a driving/brak- 
ing force of each wheel according to the driving/braking 
force controlled variable. 

[0006] Another aspect of the present invention re- 
sides in a lane-keep control system of a host-vehicle 
which system comprises a traveling condition detecting 
device that detects a traveling condition including a state 
of a steering wheel of the host-vehicle; a brake hydraulic 
pressure control circuit that independently controls a hy- 
draulic pressure of each wheel cylinder of the host-ve- 
hicle to generate a desired braking force of the host- 
vehicle; a driving torque control unit that controls a driv- 
ing torque applied to driving wheels of the host-vehicle; 
and a driving/braking force control unit coupled to the 
traveling condition detecting device, the brake hydraulic 
control circuit and the driving torque control unit. The 
driving/braking force control unit is arranged to deter- 
mine that there is a tendency of a lane deviation that the 
host-vehicle is deviating from a traveling lane, on the 
basis of the traveling condition, to calculate a target yaw- 



ing moment reference value on the basis of the traveling 
condition when there is the tendency of the lane devia- 
tion, to calculate a target yawing moment by correcting 
the target yawing moment reference value according to 
5 a rate of change of the state of the steering wheel with 
respect to time, to calculate a target brake hydraulic 
pressure according to the traveling condition and the tar- 
get yawing moment, to calculate a target driving force 
according to the traveling condition and the target brake 
10 hydraulic pressure, and to output a first drive signal in- 
dicative of the target brake hydraulic pressure to the 
brake hydraulic pressure control circuit and a second 
drive signal indicative of the target driving force to the 
driving force control unit. 

'5 [0007] A further aspect of the present invention re- 
sides in a method of executing a lane-keep control of a 
host-vehicle. The method comprises a step for detecting 
a traveling condition of the host-vehicle; a step for de- 
termining that there is a tendency of a lane deviation 

20 that the host-vehicle is deviating from a traveling lane, 
on the basis of the traveling condition; a step for calcu- 
lating a driving/braking force controlled variable of each 
wheel according to the traveling condition so as to gen- 
erate a yawing moment directed toward a direction of 

25 preventing the lane deviation when there is the tendency 
of the lane deviation; a step of detecting a steering state 
quantity indicative of a quantity of state of a steering 
wheel; a step of correcting the driving/braking force con- 
trolled variable on the basis of the steering state quan- 

30 tity; and a step of controlling a driving/braking force of 
each wheel according to the driving/braking force con- 
trolled variable. 

[0008] The other objects and featu res of this invention 
will become understood from the following description 
35 with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is a schematic view showing a vehicle 
40 equipped with a lane-keep control system according to 
an embodiment of the present invention. 
[0010] Fig. 2 is a flowchart showing an information 
calculation process executed by a driving/braking force 
control unit of Fig. 1. 
45 [0011] Fig. 3 is a control map employed in the calcu- 
lation process of Fig. 2. 

[0012] Figs. 4A and 4B are control maps employed in 
the calculation process of Fig. 2. 
[0013] Figs. 5A and 5B are explanatory views for an 
so operation of the calculation process of Fig. 2. 

[0014] Fig. 6 is a flowchart showing an information 
calculation process executed by a driving/braking force 
control unit of a second embodiment according to the 
present invention. 

55 

DETAILED DESCRIPTION 

[0015] Referring to Figs. 1 through 5, there is shown 
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a first embodiment of a lane-keep control system for a 
host-vehicle according to the present invention. 
[0016] As shown in Fig. 1, the host-vehicle equipped 
with the lane-keep control system comprises a brake 
system which includes a brake pedal 1, a booster2, and 
a master cylinder 3. Normally, each of wheel cylinders 
6FL, 6FR, 6RL, and 6RR receives brake hydraulic pres- 
sure pressurized by master cylinder 3 according to a de- 
pression degree of brake pedal 1 depressed by a driver. 
Further, a brake hydraulic pressure control circuit 7 is 
provided between master cylinder 3 and each of wheel 
cylinders 6FL, 6FR, 6RL, and 6RR so as to be capable 
of independently controlling the hydraulic pressure of 
each of wheel cylinders 6FL, 6FR, 6RL, and 6RR. 
[0017] Brake hydraulic pressure control circuit 7 is 
common with a brake hydraulic pressure control circuit 
employed in an antiskid control system and/or a traction 
control system. In this embodiment, the brake system is 
arranged so as to independently increase and decrease 
brake hydraulic pressure of each of wheel cylinders 6FL, 
6FR, 6RL, and 6RR. Brake hydraulic pressure control 
circuit 7 controls the brake hydraulic pressure of each 
of wheel cylinders 6FL, 6FR, 6RL, and 6RR according 
to a command brake hydraulic pressure outputted from 
driving/braking force control unit 8. 
[0018] The host-vehicle comprises a driving torque 
control unit 12 which controls a driving torque applied to 
rear wheels 5RL'and 5RR by controlling an operating 
condition of engine 9, a selected transmission ratio of 
an automatic transmission 10, and a throttle opening of 
a throttle valve 11 . The control of the operating condition 
of engine 9 is executed by controlling a fuel injection 
quantity and ignition timing. Further, the control of the 
fuel injection quantity and the ignition timing may be si- 
multaneously executed with the throttle opening control 
to control the operating condition of engine 9. 
[0019] Driving torque control unit 12 is capable of in- 
dependently controlling the driving torque of rear wheels 
5RL and 5RR acting as driving wheels. Further, when 
driving torque control unit 12 receives a command driv- 
ing torque from driving/braking force control unit 8, driv- 
ing torque control unit 12 controls the driving torque with 
reference to the command driving torque. 
[0020] The host-vehicle is further equipped with a 
CCD camera 13 and a camera controller 14 which func- 
tion as an external recognition sensing unit for detecting 
a position of the host-vehicle relative to a traveling lane 
in order to determine whether the host-vehicle is devi- 
ating from a traveling lane, in other words, whether there 
is a tendency of a lane deviation of the host-vehicle from 
a traveling lane. Camera controller 14 detects lane 
markers of the traveling lane from an image picture in- 
dicative of an area ahead of the host-vehicle taken by 
CCD camera 13. On the basis of the obtained lane mak- 
ers ahead of the host-vehicle, camera controller 14 de- 
fines a traveling lane and calculates a yaw angle of 
the host-vehicle relative to the traveling lane, a lateral 
displacement X of the host-vehicle relative to a center 



of the traveling lane, a curvature p of the traveling lane, 
a width L of the traveling lane, and the like. 
[0021] Furthermore, the host-vehicle is equipped with 
an acceleration sensor 15 for detecting a longitudinal 
5 acceleration Xg and a lateral acceleration Yg of the host- 
vehicle, a yaw rate sensor 16 for detecting a yaw rate 
of the host-vehicle, a master cylinder pressure sensor 
17 for detecting a master cylinder pressure Pm indica- 
tive of an output pressure of master cylinder 3, an ac- 
10 celeratoropening sensor 18 for detecting an accelerator 
opening Acc indicative of a depression degree of an ac- 
celerator pedal, a steering-wheel angle sensor 19 for 
detecting a steering-wheel angle 5 of a steering wheel 
21 , wheel speed sensors 22FL, 22FR, 22RL, and 22RR 
'5 for respectively detecting wheels speeds Vw FL , Vw FL , 
Vw FL , and Vw FL of wheels 5FL, 5FR, 5RL, and 5RR, 
and a directional-signal switch 20 for detecting a turn- 
direction indicating operation of the driver through turn- 
signal lamps. Driving/braking force control unit 8 re- 
20 ceives detection signals of the above-discussed sen- 
sors 15 through 20 provided in the host-vehicle. Further, 
driving/braking force control unit 8 receives signals in- 
dicative of yaw angle <|>, lateral displacement X, curva- 
ture p, and width L from camera controller 14, and driv- 
25 ing torque Tw controlled by driving torque control unit 1 4. 
[0022] When the traveling condition indicative data 
treated by driving/braking force control unit 8 includes a 
directionality of leftward or rightward, the data indicative 
of leftward is represented by a positive value. Accord- 
so ingly, when the host-vehicle turns left, yaw rate <\>', lateral 
acceleration Yg, steering-wheel angle 5, and yaw angle 
§ respectively take positive values. Further, when the 
host-vehicle deviates from a center of the traveling lane 
to a leftward position, lateral displacement X takes a 
35 positive value. 

[0023] Subsequently, there witl be discussed a logic 
of the calculation process executed by driving/braking 
force control unit 8, with reference to a flowchart of Fig. 
2. This calculation process is a timer interruption routine 
■fo executed at 10 milli-seconds sampling-time intervals. 
Although this flowchart does not show a step for com- 
munication with various sensors and other control units 
shown in Fig. 1, information obtained by this calculation 
process is properly stored in a storage section of driving/ 
45 braking force control unit 8, and the information needed 
in this calculation is properly read out. 
[0024] At step S1 0, control unit 8 reads data outputted 
from various sensors, various controllers, and control 
units shown in Fig . 1 . Specifically, the data includes lon- 
50 gitudinal acceleration Xg, lateral acceleration Yg, yaw 
rate each wheel speed Vw,, accelerator opening Acc, 
master-cylinder pressure P m , steering-wheel angle S, 
the turn-signal lamp switch signal, driving torque Tw out- 
putted from driving torque control unit 12, yaw angle (|>, 
55 lateral displacement X, curvature p, and width L. 

[0025] At step S20, control unit 8 calculates vehicle 
speed V of the host-vehicle from an average of wheel 
speeds Vw FL and Vw FR of front-left and front-right 
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wheels 5FL and 5FR, which are non-driving wheels. 
[0026] At step S30, control unit 8 calculates an esti- 
mated future lateral displacement XS corresponding to 
a deviation estimate. More specifically, by using yawan- 
gle <f>, lateral displacement X, curvature p, and vehicle 5 
speed V, control unit 8 calculates the estimated future 
lateral displacement XS from the following expression 
(1): 

XS = TtxVx (<(>+Ttx Vx p) + X, (1)' 10 

where Tt is a vehicle head time for calculating a front 
remarking distance, and the front remarking distance is 
calculated by multiplying vehicle head time Tt and vehi- 15 
cle speed V of the host-vehicle. That is, when estimated 
future lateral displacement XS, at a moment when ve- 
hicle head time Tt elapses, is greater than or equal to a 
lateral-displacement limit value X c , control unit 8 deter- 
mines that there is a possibility that the host-vehicle de- 20 
viates the traveling lane or a tendency that the host-ve- 
hicle is deviating from the center of the traveling lane. 
[0027] At step S40, control unit 8 determines a turning 
condition of the host-vehicle. More specifically, when an 
absolute value of the lateral acceleration Yg is greater 25 
than or equal to a predetermined positive value Xg 0 , 
control unit 8 determines that the host-vehicle is put in 
the turning condition, and sets a vehicle unsteadiness 
fla g Fus ( F us =1 )' Tnis determination may be executed 
by comparing yaw rate <)>' and a target yaw rate obtained 30 
from vehicle speed V and steering-wheel angle 5. That 
is, control unit 8 determines whether the host-vehicle is 
put in an over-steer condition or an under-steer condi- 
tion. On the basis of this determination, the vehicle un- 
steadiness flag F us may be set (F us =1 ). 35 
[0028] At step S50, control unit 8 determines whether 
or not the driver is executing a lane-change operation. 
More specifically, when the vehicle traveling direction 
determined from at least one of steering-wheel angle 5 
and the signal from turn-signal switch corresponds to 40 
the vehicle traveling direction determined from a plus/ 
minus sign (+ or -) of the estimated future lateral dis- 
placement XS, control unit 8 determines that the lane 
change is executed according to the driver's intent, and 
sets a lane change flag F LC (F LC =1) which indicates 45 
there is the driver's intent. When the vehicle traveling 
direction determined from at least one of steering-wheel 
angle 5 and the signal from turn-signal switch is different 
from the vehicle traveling direction determined from a 
plus/minus sign (+ or -) of the estimated future lateral 50 
displacement XS, control unit 8 resets lane change flag 
Flc (Flc=0). 

[0029] At step S60, control unit 8 determines whether 
an alarming operation for informing a deviation tenden- 
cy of the host-vehicle is executed or not. More specifi- 55 
cally, control unit 8 determines whether or not the abso- 
lute value |XS| of the estimated future lateral displace- 
ment XS is greaterthan or equal to lateral-displacement 



limit value X c which is obtained by subtracting a half of 
a host-vehicle width L 0 from a half of the traveling-lane 
width L. When this determination is affirmative, control 
unit 8 executes the alarming operation. When the deter- 
mination is negative, control unit 8 does not execute the 
alarming operation. A margin may be set between the 
absolute value |XS| of the estimate future lateral dis- 
placement and the lateral-displacement limit value X c , 
orthe limit value may include hysteresis so as to prevent 
hunting of the alarming operation. 
[0030] At step S70, control unit 8 determines whether 
or not there is a deviation tendency of the host-vehicle 
from the traveling lane. More specifically, as is similar to 
the execution at step S60, when absolute value |XS| of 
the estimated future lateral displacement is greaterthan 
or equal to lateral-displacement limit value Xq, control 
unit 8 determines that there is the deviation tendency of 
the host-vehicle from the traveling lane and therefore 
sets a lane deviation flag F LD (F LD =1). When the deter- 
mination at step S70 is negative, control unit 8 deter- 
mines that there is no deviation tendency of the host- 
vehicle, and therefore resets the lane deviation flag F LD 
(F LD =0). However, when the vehicle unsteadiness flag 
F us set at step S4 keeps the set condition (F us =1), or 
when the lane-change flag F LC is put in the set condition 
(F LC =1), the lane keep control is not executed. There- 
fore, in such a case, even if the absolute value |XS| is 
greater than or equal to the lateral-displacement limit 
value X c , lane deviation flag F LD is set (F LD =1). 
[0031] At step S80, control unit 8 calculates a target 
yawing-moment reference value M so . Only when lane 
deviation flag F LD is put in the set condition (F LD =1), tar- 
get yawing-moment reference value M s0 is determined. 
When lane deviation flag F LD is put in the set condition 
(Fld =1 )' using a proportional coefficient determined 
from the specification of the vehicle, a proportional co- 
efficient K 2 which is set according to vehicle speed V 
shown in Fig. 3, estimated future lateral displacement 
XS calculated at step S30 and the lateral-displacement 
limit value X c , control unit 8 calculates target yawing- 
moment reference value M so from the following expres- 
sion (2): 

M so =-K 1 XK 2 X(XS-X C ). (2) 

Further, it is assumed that when lane deviation flag F LD 
is put in the reset condition (F LD =0), target yawing-mo- 
ment reference value M so takes zero (M so =0). 
[0032] At step S100 subsequent to the execution of 
step S80, control unit 8 calculates and corrects target 
yawing moment M s . More specifically, control unit 8 de- 
termines a correction coefficient Kdd according to a val- 
ue obtained by differentiating steering-wheel angle 8, 
that is, according to steering-wheel speed d8, with ref- 
erence to a control map shown in Figs. 4A and 4B. Fur- 
ther, control unit 8 calculates target yawing moment M s 
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by multiplying correction coefficient Kdd and target yaw- 
ing-moment reference value M so (M s = Kdd x M so ), 
where the control map of Fig. 4A is employed when the 
host-vehicle is deviating leftward, and the control map 
of Fig. 4B is employed when the host-vehicle is deviating 

rightward. 

[0033] More specifically, in Fig. 4A employed in the 
leftward deviation tendency, when steering-wheel 
speed d5 is greater than or equal to a second predeter- 
mined value -d5 2 , correction coefficient Kdd is kept at 1 
(Kdd=1). That is, when steering wheel 21 is temporarily 
fixed or turned leftward (anticlockwise direction) under 
a leftward deviating condition, correction coefficient Kdd 
is kept at 1 (Kdd=1). Further, when steering-wheel 
speed d5 is smaller than or equal to a first predetermined 
value -dS-,. correction coefficient Kdd is kept at 0 
(Kdd=0). That is, when steering wheel 21 is rapidly 
turned rightward (clockwise direction) underthe leftward 
deviating condition, Kdd=0. Furthermore, when steer- 
ing-wheel speed d5 is within a range from first predeter- 
mined value -d8i to second predetermined value -dS 2 , 
correction coefficient Kdd is linearly decreased from 1 
to 0 according to the decrease of steering-wheel speed 
dS. 

[0034] On the other hand, in Fig. 4B employed in the 
rightward deviation tendency, when steering-wheel 
speed d5 is smaller than or equal to a fourth predeter- 
mined value d5 2 , correction coefficient Kdd is kept at 1 
(Kdd=1). That is, when steering wheel 21 is temporarily 
fixed or turned rightward (clockwise direction) under a 
rightward deviating condition, Kdd=1. Further, when 
steering-wheel speed d5 is greater than or equal to a 
third predetermined value d5 1t correction coefficient 
Kdd is kept at 0 (Kdd=0). That is, when steering wheel 
21 is rapidly turned leftward (anticlockwise direction) un- 
der the rightward deviating- Gon4itk>o, Kdd=0. Further- 
more, when steering-wheel speed d5 is within a range 
from third predetermined value dS-, to fourth predeter- 
mined value d5 2 , correction coefficient Kdd is linearly 
decreased from 1 to 0 according to the increase of steer- 
ing-wheel speed d5. 

[0035] That is, when the driver steers steering wheel 
21 to suppress the lane deviation of the host-vehicle 
from the traveling lane, correction coefficient Kdd is de- 
creased, and therefore target yawing moment M g is also 
decreased. More specifically, when the yawing moment 
generated by target yawing moment reference value 
M s0 and the yawing moment due to the steering opera- 
tion are directed in the same direction, the yawing mo- 
ment due to the driving/braking force control is de- 
creased by the yawing moment of the steering operation 
so as to preferably execute the lane-keep operation. On 
the other hand, when the driver does not execute the 
steering operation of suppressing the deviation of the 
host-vehicle from the traveling lane, correction coeffi- 
cient Kdd is set at 1 so that target yawing moment M s 
is maintained at target yawing-moment reference value 
M s0 . This enables the lane-keep control system to firmly 



continue the lane-keep control. 

[0036] At step S110, control unit 8 calculates target 
brake hydraulic pressures P SFL , Psfr. Psri.' ar| d Psrr- 
More specifically, when lane deviation flag F LD is put in 
5 the reset condition (F LD =0), both of target brake hydrau- 
lie pressures P SFL and P SFR to wheel cylinders 6FL and 
6FR of front left and right wheels 5FL and 5FR are set 
at master cylinder pressure P m , and both oftarget brake 
hydraulic pressures P SRL and P SRR to wheel cylinders 

10 6RL and 6RR of rear left and right wheels 5RL and 5RR 
are set at rear wheel master cylinder pressure P mR , 
where P mR is a rear wheel master cylinder pressure 
based on the front and rear braking force distribution of 
master cylinder pressure P m read at step S100. 

15 [0037] Even when lane deviation flag F LD is set 
(F LD =1), target brake hydraulic pressures P SFL , P S fr. 
P SRL and P SRR are determined according target yawing 
moment M s calculated at step S100. That is, when ab- 
solute value |M S | of the target yawing moment is smaller 

20 than target yawing-moment reference value M so , a dif- 
ference is produced between the braking forces of the 
rear left and right wheels 5RL and 5RR. When the ab- 
solute value |M S | is greater than or equal to reference 
value M so , a difference is produced between the braking 

25 forces of the front and rear and left and right wheels. 
Therefore, when absolute value |M S | is smaller than ref- 
erence value M s0 , a difference AP SF between brake hy- 
draulic pressures of front left and right wheels 5FL and 
5FR takes zero, and a difference AP SR between brake 

so hydraulic pressures of rear left and right wheels 5RL and 
5RR is expressed by the following expression (3). Sim- 
ilarly, when the absolute value |M S | is greater than or 
equal to reference value M so , the difference AP SF be- 
tween brake hydraulic pressures of front left and right 

35 wheels 5FL and 5FR is expressed by the following ex- 
pression (4), antfthe difference AP SR between brake hy- 
draulic pressures of rear left and right wheels 5RL and 
5RR is expressed by the following expression (5). 

40 

AP SR = 2xK bR x|M s j/T (3) 



AP SF =2xK bF X(|M s |-M S0 )/T (4) 

45 

AP S R = 2XK bR x|M S0 |/T (5) 

where T is a tread common in front and rear wheels, K bF 
50 and K bR are conversion coefficients for converting brak- 
ing force into brake hydraulic pressure and are deter- 
mined according to the brake specifications. 
[0038] Therefore, when target yawing moment M s 
takes a negative value, that is, when the host-vehicle is 
55 deviating leftward, target brake hydraulic pressures P si 
(i = FL, FR, RL, and RR) to be applied to the respective 
wheel cylinders 6FL, 6FR, 6RL, and 6RR are expressed 
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by the following expressions (6). 

P S FL=P m 
P SF R = P m + AP SF 

P SRL = P m 
P SRR = P m + ^P S R ( 6 ) 

[0039] On the other hand, when target yawing mo- 
ment M s takes a positive value, that is, when the host- 
vehicle deviating rightward, target brake hydraulic pres- 
sures P Si to be applied to the respective wheel cylinders 
6FL, 6FR, 6RL, and 6RR are expressed by the following 
expressions (7). 

P S FL = Pm + AP S F 

P SFR = P m 
P S RL = Pm +AP SR 

P S RR = P m (7) 

[0040] At step S120 subsequent to the execution of 
step S11 0, control unit 8 calculates a target driving force 
of driving wheels 5RL and 5RR. More specifically, when 
lane deviation flag F LD isset(F LD =1) and when the lane- 
keep control is being executed, control unit 8 controls 
engine 9 so as to restrict the acceleration of the host- 
vehicle by limiting the output of engine 9 even when the 
accelerating operation is executed. Therefore, when 
lane deviation flag F LD is set (F LD =1), target driving 
torque Trq DS is set at a value obtained by subtracting a 
value corresponding to a sum of target brake hydraulic 
pressure differences AP SF and AP SR from a value cor- 
responding to accelerator opening Accread at step S10. 
More specifically, the value corresponding to accelera- 
tor opening Acc is a driving torque for accelerating the 
host-vehicle according to accelerator opening Acc, and 
the value corresponding to the sum of target brake hy- 
draulic pressure differences AP SF and AP SR is a braking 
torque generated by the sum of target brake hydraulic 
pressure differences AP SF and AP SR . Accordingly, when 
lane deviation flag F LD is set (Flq^I) and when the lane- 
keep control is being executed, the torque of engine 9 
is decreased by a braking torque generated by the sum 
of target brake hydraulic pressure differences AP SF and 
AP SR . Further, when lane deviation torque F LD is reset 
(F LD =0), target driving torque Trq DS is set at the driving 
torque for accelerating the host-vehicle according to ac- 
celerator opening Acc. 

[0041] At step S 1 30, control unit 8 outputs a first drive 
signal indicative of the target brake hydraulic pressure 



calculated at step S11 0 to brake hydraulic pressure con- 
trol circuit 7, and outputs a second drive signal indicative 
of target driving torque Trq DS calculated at step S120, 
to driving torque control unit 12. Thereafter, the routine 
5 proceeds to a return step to return the main program. 
[0042] Withthis calculation process, when the turn of 
the host-vehicle is not a sharp turn and when the driver 
does not intend to change the traveling lane and when 
the estimated future lateral displacement XS is greater 
10 than or equal to lateral-displacement limit value X c , con- 
trol unit 8 determines that there is a deviation tendency 
of the host-vehicle from the traveling lane, and therefore 
sets lane deviation flag F LD (F LD =1). Control unit 8 cal- 
culates target yawing moment M s (target yawing mo- 
ts ment reference value M so ) on the basis of the difference 
between the estimated future lateral displacement XS 
and lateral-displacement limit value X c . Further, control 
unit 8 controls the braking force of each wheel so as to 
achieve target yawing moment M s . With this control, 
20 when the steering input is small, control unit 8 produces 
a deviation preventing yawing moment to prevent the 
host-vehicle from deviating from the traveling lane, and 
produces a braking force to decelerate the host-vehicle. 
This further safely prevents the host-vehicle from devi- 
25 ating from the traveling lane. 

[0043] Further, the first embodiment according to the 
present invention is arranged to decelerate the host-ve- 
hicle by decreasing the output torque of engine 8 during 
when the lane-keep control is being executed. This ar- 
30 rangement enables the host-vehicle to further safely 
continue the lane-keep traveling. 
[0044] Furthermore, when the steering input is pro- 
duced so as to suppress the deviation as discussed 
above, that is, when the yawing moment due to the driv- 
es ing/braking force control and the yawing moment due to 
the steering input are directed in the same direction, cor- 
rection coefficient Kdd, which is multiplied with a differ- 
ence between estimated future lateral displacement XS 
and lateral-displacement limit value X c to obtain the tar- 
40 get yawing-moment reference value M so , is set at a 
smaller value according to the increase of the steering- 
wheel speed d5 toward the direction forsuppressing the 
deviation. Further, the target moment M s is calculated 
by multiplying correction coefficient Kdd with target yaw- 
45 ing-moment reference value M s0 . Accordingly, it be- 
comes possible to naturally execute the lane-keep con- 
trol as shown in Fig. 5A. If the correction of the yawing 
moment based on estimated future lateral displacement 
XS and lateral-displacement limit value X c is not exe- 
50 cuted even though the yawing moment due to the driv- 
ing/braking force control and the yawing moment due to 
the steering input are directed in the same direction, the 
host-vehicle turns excessively rather than the driver in- 
tended, as shown in Fig. 5B. This creates a strange feel- 
55 ing to the driver. 

[0045] In this first embodiment, the respective sen- 
sors 15 through 20 and 22FL, 22FR, 22RL,and 22RR, 
camera controller 14, and step S10 of the calculation 
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process shown in Fig 2 constitute traveling condition de- 
tecting means. Step S70 of the calculation process 
shown in Fig. 2 constitutes deviation determining 
means. Steps S110 and S120 of the calculation process 
shown in Fig. 2 constitute driving/braking force control- 5 
led variable calculating means. Brake hydraulic pres- 
sure control circuit 7 of Fig. 1 and driving torque control 
unit 12 constitute driving/braking force control means. 
Step S100 of the calculation process of Fig. 2 consti- 
tutes driving/braking force controlled variable correcting io 
means. 

[0046] Subsequently, there will be discussed a sec- 
ond embodiment of the lane-keep control system ac- 
cording to the present invention with reference to Fig. 6. 
[0047] The basic construction of the host-vehicle 15 
equipped with the lane-keep control system of the sec- 
ond embodiment is basically the same as that of the first 
embodiment shown in Fig. 1. In this second embodi- 
ment, driving/braking force control unit 8 executes the 
calculation process according to a flowchart of Fig. 6. 20 
The calculation process shown in Fig. 6 newly includes 
step S91 just after step S80, and step S101 is newly 
employed instead of step S100. The othersteps are the 
same as those of the flowchart in Fig. 2. Herein, the new 
steps S91 and S101 will be discussed. 25 
[0048] As shown in Fig. 6, at step S91 subsequent to 
the execution of step S80, control unit 8 estimates the 
yawing moment generated by the steering operation. 
More specifically, control unit 8 calculates the steering- 
wheel angle variation A5 from a difference between a 30 
previous steering-wheel angle 5^.^ and a steering- 
wheel angle 8 (n . 2) previous to the previous angle 5^.^. 
Then, control unit 8 calculates yawing moment M STR 
due to the steering operation by multiplying a propor- 
tional coefficient K S1 determined from the vehicle spec- 35 
ifications with the obtained steering-wheel angle varia- 
tion AS. The yawing moment M STR due to the steering 
operation may be obtained from the yawing moment in- 
cluding a non-linear range of a tire generating force us- 
ing a vehicle model. to 
[0049] Further, at step S101, control unit 8 corrects 
target yawing moment M s . More specifically, when a 
plus/minus sign (+ or -) of the estimated future lateral 
displacement XS is different from that of steering-wheel 
angle variation A8 calculated at step S91, that is, when 45 
there is a steering input for suppressing the deviation 
from the traveling lane, and further when both of the tar- 
get yawing moment reference value M so calculated at 
step S80 and the yawing moment due to the steering 
operation (calculated at step S91) take negative value, 50 
in other words, when the estimated future lateral dis- 
placement XS takes. a positive value and when the 
steering-wheel angle variation A5 takes a negative val- 
ue, the target yawing moment M s is set at a smaller one 
of a value obtained by subtracting yawing moment M S jr 55 
due to the steering operation from target yawing mo- 
ment reference value M so and zero. 
[0050] Adversely, when a plus/minus sign (+ or-) of 



the estimated future lateral displacement XS is different 
from that of steering-wheel angle variation A5 calculated 
at step S91, that is, when there is a steering input for 
suppressing the deviation from the traveling lane, and 
further when both of target yawing moment reference 
value M so calculated at step S80 and the yawing mo- 
ment due to the steering operation, which is calculated 
at step S91 , take positive values, that is, when the esti- 
mated lateral displacement XS takes a negative value 
and when the steering-wheel angle variation A5 takes a 
positive value, target yawing moment M s is set at a larg- 
er one of the value obtained by subtracting yawing mo- 
ment M STR due to the steering operation from the target 
yawing moment reference value M so and zero. 
[0051] Further, when a plus/minus sign (+ or -) of the 
estimated future lateral displacement XS is as same as 
that of steering-wheel angle variation A8 calculated at 
step S91 , that is, when there is no steering inputforsup- 
pressing the deviation from the traveling lane, target 
yawing moment Ms is set at target yawing-moment ref- 
erence value M so . Accordingly, when the driver exe- 
cutes a steering operation to suppress the deviation 
from the traveling lane, the magnitude of target yawing- 
moment reference value M so is decreased in absolute 
value by yawing moment M STR due to the steering op- 
eration to properly execute the lane-keep control. 
[0052] On the other hand, when the driver does not 
execute the steering operation to suppress the lane de- 
viation from the traveling lane, target yawing moment 
M s is maintained at the initial target yawing-moment ref- 
erence value M so to firmly avoid the deviation of the 
host-vehicle from the traveling lane. 
[0053] With this calculation process of the second em- 
bodiment, as is similarto the advantages of the first em- 
bodiment, when the turn of the host-vehicle is not a 
sharp turn and when the driver does not intend to 
change the traveling lane and when the estimated future 
lateral displacement XS is greater than or equal to lat- 
eral displacement limit value X c , control unit 8 deter- 
mines that there is a deviation tendency of the host-ve- 
hicle from the traveling lane, and therefore control unit 
8 sets lane deviation flag F LD (F LD =1). Control unit 8 cal- 
culates target yawing moment M s on the basis of the 
difference between the estimated future lateral dis- 
placement XS and lateral-displacement limit value X c . 
Further, control unit 8 controls the braking force of each 
wheel so as to achieve target yawing moment M s . With 
this control, when the steering input is small, control unit 
8 produces the deviation preventing yawing moment to 
prevent the host-vehicle from deviating from the 
traveling lane, and produces a braking force to deceler- 
ate the host-vehicle. This further safely prevents the 
host-vehiclefrom being deviated from the traveling lane. 
[0054] Further, the second embodiment according to 
the present invention is arranged to decelerate the host- 
vehicle by decreasing the output torque of engine 8 dur- 
ing when the lane-keep control is being executed. This 
arrangement enables the host-vehicle to further safely 
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continue the lane-keep traveling. 
[0055] Furthermore, when the steering input is pro- 
duced so as to suppress the deviation as discussed 
above, that is, when the yawing moment due to the driv- 
ing/braking force control and the yawing moment due to 5 
the steering input are directed in the same direction, 
control unit 8 calculates yawing moment M STR due to 
steering operation according to steering-wheel angle 
deviation A5, relative to target yawing-moment refer- 
ence value M so based on estimated future lateral dis- *o 
placement XS and lateral-displacement limit value X c , 
and sets target yawing moment M s at the value obtained 
for subtracting yawing moment M STR from the target 
yawing-moment reference value M so . Accordingly, the 
lane-keep control system of the second embodiment is 
smoothly and naturally performs lane-keep control. 
[0056] In this second embodiment, the respective 
sensors 15 through 20 and 22FL, 22FR, 22RL,and 
22RR, camera controller 14, and step S10 of the calcu- 
lation process shown in Fig 6 constitute traveling condi- 20 
tion detecting means. Step S70 of the calculation proc- 
ess shown in Fig. 6 constitutes deviation determining 
means. Steps S1 1 0 and S1 20 of the calculation process 
shown in Fig. 6 constitute driving/braking force control- 
led variable calculating means. Brake hydraulic pres- 25 
sure control circuit 7 of Fig. 1 and driving torque control 
unit 12 constitute driving/braking force control means. 
Steps S91 and S100 of the calculation process of Fig. 
2 consti driving/braking force controlled variable correct- 
ing means. 30 
[0057] Although the first and second embodiments 
according to the present invention have been shown 
and described such that the lateral-displacement limit 
value X c , which functions as a threshold for determining 
the deviation of the host-vehicle from the traveling lane, 35 
is calculated from the width of the host-vehicle and the 
width of the traveling lane, it may be fixed at 0.8m if this 
system is employed on a highway (as in Japan) where 
the width of the traveling lane has been determined as 
3.5m by law. to 
[0058] This application is based on Japanese Patent 
Applications No. 2001-304139 filed on September 28, 
2001 in Japan. The entire contents of this Japanese Pat- 
ent Application are incorporated herein by reference. 
[0059] Although the invention has been described 15 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the above teaching. The scope of so 
the invention is defined with reference to the following 
claims. 



Claims 

1. A lane-keep control system for a host-vehicle, com- - 
prising; 



a control unit (8) configured 
to detect a traveling condition of the host-vehi- 
cle, 

to determine that there is a tendency of a lane 
deviation that the host-vehicle is deviating from 
a traveling lane, on the basis of the traveling 
condition, 

to calculate a driving/braking force controlled 
variable of each wheel according to the 
traveling condition so as to generate a yawing 
moment directed toward a direction of prevent- 
ing the lane deviation when there is the tenden- 
cy of the lane deviation, 
to detect a steering state quantity indicative of 
a quantity of state of a steering wheel, 
to correct the driving/braking force controlled 
variable on the basis of the steering state quan- 
tity, and 

to control a driving/braking force of each wheel 
according to the driving/braking force control- 
led variable. 

2. The lane-keep control system as claimed in claim 
1 , wherein the control unit is configured to correct 
the driving/braking force controlled variable accord- 
ing to the steering state quantity so as to decrease 
the yawing moment directed toward the direction of 
preventing the host-vehicle from deviating from the 
traveling lane when the steering state quantity acts 
to suppress the lane deviation. 

3. The lane-keep control system as claimed in one of 
claims 1 and 2, wherein the control unit is config- 
ured to estimate a yawing moment due to a steering 
operation from the steering state quantity, and to 
correct the driving/braking force controlled variable 
according to the estimated yawing moment. 

4. The lane-keep control system as claimed in one of 
claims 1 through 3, wherein the control unit is con- 
figured to calculate a target yawing moment from a 
difference between a future lateral displacement of 
the host-vehicle relative to the traveling lane and a 
lateral displacement limit value, where the future 
lateral displacement is estimated from the steering 
state quantity, and to calculate the driving/braking 
force controlled variable on the basis of the target 
yawing moment. 

5. The lane-keep control system as claimed in claim 
4, wherein the control unit is configured to estimate 
a yawing moment due to a steering operation from 
the steering state quantity, to obtain a corrected tar- 
get yawing moment by subtracting the yawing mo- 
ment due to the steering operation from the target 
yawing moment, and to correct the driving/braking 
force controlled variable on the basis of the correct- 
ed target yawing moment. 
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6. The lane-keep control system as claimed in one of 
claims 1 through 5, wherein the control unit is ca- 
pable of independently controlling braking forces of 
right and left wheels of the host-vehicle. 

5 

7. The lane-keep control system as claimed in one of 
claims 1 through 6, wherein the control unit is con- 
figured to determine that there is the tendency of 
the lane deviation when a future lateral displace- 
ment of the host-vehicle relative to a traveling lane 10 
becomes greater than or equal to a lateral displace- 
ment limit value, where the future lateral displace- 
ment is estimated from the traveling condition. 

8. The lane-keep control system as claimed in one of '5 
claims 1 through 7, wherein the driving/braking 
force control variable includes a target yawing mo- 
ment MS which is determined from the following ex- 
pression: 

20 

MS = Kdd x M s0 , 

where M s0 = -K^ xK 2 x (XS - X c ), is a constant 
determined by vehicle specifications, K 2 is a coeffi- 25 
cient which is decreased according to an increase 
of a vehicle speed, X c a value obtained by subtract- 
ing a half of a host-vehicle width L 0 from a half of a 
traveling-lane width L, and XS is a future lateral dis- 
placement expressed by the following expression, 30 

XS = Tt x V x (<{> + Tt x V x (3) + X, 

where Tt is a vehicle head time for calculating a front 35 
remarking distance, and the front remarking dis- 
tance is calculated by multiplying the vehicle head 
time Tt and vehicle speed V of the host-vehicle, § 
is a yaw angle of the host-vehicle relative to the 
traveling lane, X is a lateral displacement X of the to 
host-vehicle relative to a center of the traveling lane, 
and (3 is a curvature of the traveling lane. 

9. A lane-keep control system of a host-vehicle com- 
prising: 45 

a traveling condition detecting device (12, 14, 
15 through 20, 22FL, 22FR, 22RF and 22RR) 
that detects a traveling condition of the host- 
vehicle, the traveling condition including a state so 
of a steering wheel; 

a brake hydraulic pressure control circuit (7) 
that independently controls a hydraulic pres- 
sure of each wheel cylinder of the host-vehicle 
to generate a desired braking force of the host- 55 
vehicle; 

a driving torque control unit (12) that controls a 
driving torque applied to driving wheels of the 



host-vehicle; and 

a driving/braking force control unit (8) coupled 
to the traveling condition detecting device, the 
brake hydraulic control circuit and the driving 
torque control unit, the driving/braking force 
control unit being arranged 
to determine that there is a tendency of a lane 
deviation that the host-vehicle is deviating from 
a traveling lane, on the basis of the traveling 
condition, 

to calculate a target yawing moment reference 
value on the basis of the traveling condition 
when there is the tendency of the lane devia- 
tion, 

to calculate a target yawing moment by correct- 
ing the target yawing moment reference value 
according to a rate of change of the state of the 
steering wheel with respect to time, 
to calculate a target brake hydraulic pressure 
according to the traveling condition and the tar- 
get yawing moment, 

to calculate a target driving force according to 
the traveling condition and the target brake hy- 
draulic pressure, and 

to output a first drive signal indicative of the tar- 
get brake hydraulic pressure to the brake hy- 
draulic pressure control circuit and a second 
drive signal indicative of the target driving force 
to the driving force control unit. 

10. A method of executing a lane-keep control of a host- 
vehicle, comprising: 

detecting a traveling condition of the host-vehi- 
cle; 

determining that there is a tendency of a lane 
deviation that the host-vehicle is deviating from 
a traveling lane, on the basis of the traveling 
condition; 

calculating a driving/braking force controlled 
variable of each wheel according to the 
traveling condition so as to generate a yawing 
moment directed toward a direction of prevent- 
ing the lane deviation when there is the tenden- 
cy of the lane deviation; 
detecting a steering state quantity indicative of 
a quantity of state of a steering wheel; 
correcting the driving/braking force controlled 
variable on the basis of the steering state quan- 
tity; and 

controlling a driving/braking force of each 
wheel according to the driving/braking force 
controlled variable. 
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